ALTERNATIVE INVESTMENTS: THE CASE OF WINE
While many people consider buying wine and aging it for future consumption, few have historically viewed wine strictly as a financial investment. Yet wine possesses characteristics that allow it to be considered and analyzed as an investment vehicle. Most important among these is an active trading market; monthly wine auctions at the top six auction houses frequently exceed $15 million. In recent years, at least two mutual funds have formed to invest specifically other assets such as fine wines" (HM Treasury, 2005) . Chancellor of the Exchequer Gordon Brown subsequently modified his position and ultimately classified these assets such that wine and other assets can be put into SIPPs but are ineligible for tax relief. 1 1 For a summary specific to wine-assets and SIPPs, see "The decanter.com Guide to Wine and Sipps" (www.decanter.com/specials/71476.html).
Given these recent trends in viewing wine as an investment vehicle, an open question therefore is whether wine returns compare favorably with historical financial returns on other assets, both in mean value and in volatility or covariance. This paper addresses that question, first by developing a simple conceptual framework to formulate specific hypotheses, and then by using both the Capital Asset Pricing Model (CAPM) and the Fama-French Three-Factor Model to test the hypotheses empirically (Fama and French, 1992) . Our sample is formed from monthly repeat transactions data for individual wine-asset sales, which yields a time series of monthly returns. Consistent with our predictions, we find that the wines in our sample exhibit large, positive excess returns along with low exposure to commonly recognized market risk factors.
These findings provide the first quantitative evidence that wine may be a viable investment asset, both alone and as part of a diversified portfolio.
The remainder of this paper is organized as follows. The first section summarizes related literature, section 2 presents key concepts and hypotheses, section 3 describes the data, section 4 presents the empirical model, section 5 reports the results, and section 6 concludes.
Related Literature
Wine exhibits unique characteristics relative to traditional financial assets. Some of these characteristics are similar to those exhibited by other tangible assets such as collectible art. Wine does not pay a dividend, investors must pay for its storage, and the time required to liquidate a collection of wine can extend to four or five months. The maturation process may extend from 20 to 40 years or more beyond bottling, and the precise time at which the wine should be consumed in order to maximize the tasting experience is unknown ex ante and is speculated upon by various experts. Further, a bottle of wine may break or may be otherwise deemed worthless if stored improperly.
While the subject of wine as an investment has been sparsely studied, extant results and recommendations are mixed. Krasker (1979) analyzed returns over the period of 1973-1977 and found no risk premium for storing red Bordeaux and California Cabernet Sauvignon wines produced since 1950. Jaeger (1981) , by contrast, established risk premiums in excess of 12% using Krasker's methodology but extending the sample period to eight years beginning in 1969 and incorporating a significantly lower measure of wine storage costs. Jaeger argued that the four-year period studied by Krasker biased his procedure toward finding a subnormal rate of return, as those four years included a period of extreme surplus (high inventories) and declining prices in the wine industry. Additionally, the different assumptions about storage costs affect the premiums measured. Jaeger's estimate of storage cost was approximately $0.50 per case annually, an actual cost published by Freemark Abbey Winery. Krasker's estimate was over $16 per case for annual storage, but Jaeger noted that this value-besides being implausibly largemay be more accurately interpreted as reflecting a component of the financial return to wine storage not explained by other variables in the model. Weil (1993) calculates the returns to an individual wine portfolio using detailed information across a 13 year (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) acquisition and holding period. The data used to calculate returns include the purchase price, sales tax, delivery costs, storage, auction house transaction costs, sale price, and hypothetical income tax rates. His results suggest that the return to wine assets is approximately 9.5% and increases to 11% if the portfolio is limited to Bordeaux wines. Weil concludes that these returns are much less than rates of return to NYSE stocks over the same period. Interestingly, the Bordeaux wines in the investor's portfolio exhibit lower return variation than other wines. Weil notes that this is not efficient since Bordeaux wines have a higher return and less risk. We extend this finding by calculating the excess returns of wine, returns over (or under) a risk-adjusted market return.
More recently, Burton and Jacobsen (2001) used a repeat-sale regression-an approach also used by Goetzmann (1993) While these studies focused on establishing wine asset returns either in absolute terms or relative to a simple market return, they did not explicitly account for the risk of wine assets.
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Our paper enhances this literature by both determining wine returns over a more recent time period and by investigating the degree of exposure and covariance between wine returns and common risk factors.
Other studies have focused on the determinants of wine prices. Combris, Lecocq, and Visser conducted two identical studies, one on Bordeaux wines (1997) and the other on Burgundy wines (2000) . Employing the hedonic method and incorporating both label characteristics and sensory characteristics, they explored whether market prices respond to various measures of quality. Objective characteristics, including the name of the producer 2 In most of the Bordeaux, it is the wine producer (chateau) and not the land that is classified by growth. The original classification was developed in 1855 but has been brought up to date to account for name changes, property divisions and the promotion of Chateau Mouton Rothschild in 1973. The five growth classifications were originally established to distinguish among the quality of the wines produced in the area (where First Growth represents the highest quality). 3 Jaeger (1981) discusses risk as an important factor in wine investments, but does not incorporate an explicit measure of risk in the empirical model.
(chateau), ranking of the wine (growth classification), color of the wine (red or white), and vintage year, were found to be significantly associated with the variation in prices. By contrast, a majority of the subjective characteristics, including visual and olfactory findings, gustatory findings, and grade as determined by a "jury" of four persons, were found not to be significantly associated with market prices. Jones and Storchmann (2001) , on the other hand, found wine ratings ("Parker points") to be a significant determinant of Bordeaux prices, along with sugar levels, acidity, and aging. Similarly, Cardebat and Figuet (2004) found sensory variables to be a significant determinant of Bordeaux prices for 1996-1999 vintages, after controlling for reputation, and explained this contrast to Combris et al. (1997) in terms of a recent increase in competition and reduction of asymmetric information between producers and consumers.
Another set of literature addresses the hypothesis that collectibles act as a hedge against stock market risk by exhibiting a negative covariance with market returns or with inflation. Burton and Jacobsen (1999) summarize the research in this area. Specifically, they state that while research has shown that returns on collectibles may be negatively correlated with stock market returns (for items including coins, stamps, and art), there is no evidence that collectibles are a hedge against stock market declines since returns on collectibles have been historically flat during the periods examined. Wines were not studied in this context.
Background Concepts and Hypotheses
One key issue that previous studies appear to have neglected is a formal comparison of fundamental sources of value across equities, wine assets, and other collectibles such as art. A standard and long-established approach to estimating the market value of an equity relies on the discounted present value of its dividend payouts (Gordon, 1962) . In this approach, cash payouts to investors comprise the ultimate source of investment value. Under the simplifying assumption that dividends grow at a constant rate g, and discounting at a constant rate r e , the discounted present value at time t of an infinite stream of dividends can be explicitly expressed in a simple form. The exact valuation and the corresponding rate of return on the investment will depend on details of timing and whether or not dividends are reinvested. For purposes of comparison, we calculate the valuation P t as of the beginning of period t, assuming that the dividend D t is paid at the end of period t. Under these assumptions, the value of the equity is:
in the discrete-time case. 4 A basic prediction of this model and an immediate consequence of equation (1) is that the value of an equity grows at the rate g. The total nominal annual net rate of return earned by an equity investor is the sum of this capital appreciation rate g plus the dividend rate implied by equation (1), which equals:
This simplified and standard analysis incorporates uncertainty only implicitly; g is typically interpreted as an expected value while r e is set at a level that incorporates an appropriate risk premium. Thus, in general, g < r e , a condition also needed as a technical requirement of the model to ensure a positive and finite valuation. Further, as a practical matter, the principle of opportunity costs suggests that the long-run growth rate of the aggregate economy constitutes a lower bound on values of r e that are relevant to investors, and any risk premium would drive r e above that bound. Combined with the accounting identity that no individual company can grow faster than the entire economy forever, this logic also ensures g < r e .
The source of financial value of collectible artwork, by contrast, is ultimately derived from the consumption value of viewing the item. While the value of viewing a particular piece of art may vary over time and will typically vary from one individual to the next, any single painting or sculpture is a unique object that (apart from accidental damage or depreciation) will not change over time. Thus, at least in real terms, it is difficult to identify any reason why the consumption value of viewing any individual piece of art should be expected to increase over time, except possibly to the extent that close substitutes (such as other paintings by the same artist) may grow scarcer due to damage or loss. Further, this consumption value exists as a continuous stream, in that each owner has a constant opportunity to view the artwork while it remains in his possession.
This line of thought suggests that the pattern of returns to artwork resembles that of a perpetuity or consol, namely a (roughly) constant expected value of consumption in each period.
If C denotes the value of viewing the artwork in each period, then the well-known perpetuity formula gives the present value of the artwork as PV = C / r a for an appropriate discount rate r a , which need not be the same value as r e applied to equity in equation (1). A notable property of this valuation is a complete absence of capital appreciation in equilibrium, at least in real terms.
The total rate of return to an investor in art is then the stream of consumption value alone, which accrues in the form of viewing pleasure but not in any measurable financial form. This prediction is broadly consistent with many previous empirical findings: nominal returns to art investments have been found to be lower than for either equity or bond investments by Baumol (1986), Buelens and Ginsburgh (1993) , Goetzmann (1993) , Candela and Scorcu (1997) , and
Agnello and Pierce (1998) for paintings, and by Pesando (1993) for prints. Some negative real returns were reported by Agnello and Pierce (1998) while real annual returns of less than 1%
were reported by Baumol (1986) , Buelens and Ginsburgh (1993) , and Candela and Scorcu (1997) .
One might similarly postulate that the fundamental source of financial value for wine likewise derives from its eventual consumption value. A crucial difference is that a bottle of wine must be consumed at a single point in time, rather than conferring a continuous and readily accessible stream of consumption benefits as is true of artwork.
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Further, the owner chooses the time of consumption. As Jaeger (1981) notes, wines typically exhibit an optimal storage period after which the gustatory experience is maximized and, while there is uncertainty regarding the optimal consumption date, rational behavior would suggest that most bottles (especially those purchased for investment purposes) would tend to be opened and their contents consumed near the expected optimal date. Thus, the nature of the financial returns to wine revolves around a single consumption event. If the optimal consumption value is C, then the present value of a bottle of wine is given by PV = C / (1 + r w )
T where the optimal consumption date occurs T periods in the future, and this present value grows at the rate r w in each period. The rate of return to a wine investment is thus r w .
Although this simple framework abstracts from explicit representation of uncertainty, it not only captures important financial features of equity, art, and wine assets, but also-as a firstorder approximation-it implies two key hypotheses or predictions. First, although the discount rate r w applied to wine valuation need not be the same as that applied to equity valuation, both will typically be established as the risk-free rate of interest plus some risk premium, and hence will be of similar orders of magnitude. Because the quality of wine is subject to several sources of uncertainty not shared by equities, including the optimal time of consumption, possibility of spoilage among some bottles, and uncertainty over how well a particular vintage will age, it is plausible that r w > r e in many cases. Since the analysis above shows that the equilibrium return to investment equals r e for equity and r w for wine, one prediction is that, unlike the return to art, the rate of return to wine investments should be similar to that of equities, and may even exceed them. This prediction is consistent with the findings of Jaeger (1981) and Weil (1993), though not with those of Krasker (1989) , and will be further tested below.
A second prediction follows from the observation that the fundamental source of financial value for wine derives from a consumption experience unique to each variety and vintage of wine. The economic value of that consumption experience will typically be an increasing function of an investor's financial wealth, which in turn is affected by the aggregate performance of equity markets to the extent that equity holdings comprise a significant share of the investor's total wealth. However, this is a second-order effect as the idiosyncratic risk of wines will typically overwhelm this correlated component of risk. An implication is thus that the financial returns to wine should exhibit low correlations with returns on purely financial assets such as equities. This property, if true, would make wine an attractive investment as a means of diversifying purely financial portfolios, especially if the first prediction is also true. We present the first empirical test of this second hypothesis below.
Data
The wine returns data in our sample are derived from an eight-year series of monthly auction These are similar to equity IPOs and not accessible to most investors. While the returns to investing in wine futures are an interesting area, we leave this to future research.
We use data on red Bordeaux wines, a choice based on several features of this wine.
First, red Bordeaux wines have been determined to benefit from extended aging (Jaeger, 1981) .
Perhaps related to this property, red Bordeauxs are purchased more often for investment purposes than for consumption relative to white wines and wines from other regions.
Consequently, French wines, and in particular those from Bordeaux, comprise the greater part of the wine auction market (Burton and Jacobsen, 2001 Returns data are calculated for each month from repeat transactions. The returns are calculated for every vintage 9 , or year of production, and for every individual wine producer.
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The calculation of monthly returns by vintage and producer is a three-step process. First, an average price per bottle is calculated for each year and month of trade by the vintage and warm growing season as well as soil composition, made up of topsoil poor in nutrients and subsoil rich in minerals (Clarke 1996). producer. 11 Next, the average return for each vintage and producer is calculated by the difference in the log of the average price for the month of trade and the log of the average price for the prior month of trade. If a trade did not occur in the prior month, the return is designated as missing. In the third step, a modified mean is calculated by winsorizing the sample as in Nissim and Ziv (2001) , Dittmar (2004) , and others. The three variables comprising the Fama-French Three-Factor Model, described below, are published monthly by Kenneth French and may be downloaded directly from his website.
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The three factors consist of Rm-Rf, a measure of the value-weighted return on all NYSE, AMEX and NASDAQ stocks (from CRSP) net of the one-month Treasury bill rate, SMB (Small Minus Big), a measure of the difference in the average return on small and large market equity firms, and HML (High Minus Low), a measure of the difference in average return between high and low book-to-market equity firms. 16 Other data required to estimate the model include monthly U.S. Treasury returns, obtained from the CRSP government bond file. returns at a respectable 0.51%. When only those wines that are classified in the growth categories are analyzed, the average increases to 0.78%. Perhaps not that surprising to advocates of wine investment, more than 75 wines averaged 1% or more in monthly returns (see Table 2 ). 16 For a detailed description of the estimation of the factor returns, see Fama and French (1993) . 17 This number indicates that over the eight year trading period, 1961 Petrus has an average monthly return of -4.38%.
Descriptive Statistics

11%
18 , with an average maximum return of 14% (see Table 1 ). The standard deviation of all monthly returns by vintage and producer is 6 %.
The average monthly returns as calculated by vintage and growth are similar though somewhat greater due to the difference in the weighting structure. When calculating averages by vintage and producer, each producer's average monthly return is given a weight of one. When calculating average returns by vintage and growth classification, the returns represent a mean of the average returns for all applicable producers in a given month. The monthly averages by vintage and growth range from -2.9% (1961 "no growth") to 4.2% (1979 "no growth"). The average for all returns by vintage and growth is 0.88% per month, with an average minimum of -13.2% and a maximum of 17.5%. When the sample is reduced to those wines categorized in one of the five growth classifications, the average monthly return is over 1 %. When analyzed further by growth classification, Second Growth outperforms the other classifications on average monthly return with 1.45% (see Table 1 ).
These monthly returns are similar to those found in prior studies. For the years 1986 to 1996, the annual nominal rate of return for an aggregate portfolio of red Bordeauxs was found to be 7.9% (Burton and Jacobsen, 2001 ). An average monthly return of 0.51 to 0.88% (6.2 to 11.1% annualized) occurs for all wines, while 0.78 to 1.03 (9.7 to 13.1% annualized) occurs for classified wines over the eight-year period from 1996 to 2003, which includes several depressed years in the equity market. Thus, relative to other asset classes, wine exhibits a strong positive return over the period.
There has been some debate over the extent to which additional non-pecuniary benefits associated with wine investment add to the monetary rate of return. Specifically, to what extent should investors consider the potential benefit of consumption? Strict economic theory maintains that the prices observed have already accounted for this option. Moreover, if markets are well functioning and complete, the rate of return on wine assets (net of costs and consumption benefits) should equal the rate of return on competing assets with identical risk (Burton and Jacobsen, 2001 ). Growth wines, in total, account for only 9.4% of total returns although they represent 30% of the producers in the sample. The No Growth wines represent about 50% of both the number of producers and returns. 
Trading Frequency
Empirical Model
The Fama-French Three-Factor Model (TFM) was developed in response to the research of the 1980s that revealed many empirical contradictions to the central CAPM. The CAPM predicts that expected returns are a function of their market β s and that the market β s suffice to describe the cross-section of expected returns on U.S. equities. Specifically, Fama and French (1992) confirm that, unlike the relationship between average return and β , there exists a strong negative relationship between firm size and average return and an even stronger positive relationship between book-to-market equity and average return, and that these two relationships persist in competition with other variables. Fama and French demonstrate that while the CAPM predictions hold for the pre-1969 period, they disappear for the 1963-1990 period. Thus, they augment the CAPM by including two additional variables, HML and SMB, as described above.
The TFM has been shown to absorb common time-series variation in equity returns by producing intercepts close to zero and R squared values around 0.90. The empirical model is as follows:
where R it is the return on a wine asset i (wine or wine portfolio) during month t, RF t represents the risk-free rate (one month bill rate), RM t represents the month t value-weighted return on all NYSE, AMEX, and NASDAQ stocks, SMB t is the month t size factor HML t is the month t book-to-market related factor.
Under this model, evaluating the financial performance of a wine asset is straightforward.
The regression intercept represents the average abnormal return (positive or negative) and thus indicates whether an asset provides return in excess of the risk-adjusted return. A positive intercept indicates that, on average, the asset earned a return higher than suggested by the exposure to market risk factors.
19
The regression analysis in this paper includes both the TFM and CAPM. We include the CAPM, despite its relatively lower performance in explaining variations in asset returns, in order to estimate single-factor β s and to facilitate more traditional risk benchmarking of wine to other asset classes.
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The regression analyses include results based on average returns by vintage and producer, and by vintage and growth classification. The justification for separate regressions based on vintage comes from prior research on wine prices and returns. Vintage refers to a particular year's grape harvest and may also refer to the wine of a single year (Clarke, 1986) . Research has shown that weather conditions during the growing season and the period of harvest play a significant role in forecasting long-run prices for wines (Corsi and Ashenfelter, 2003 Growth classification of a particular wine has also been shown in prior studies to contribute significantly to its price. Therefore, to test the significance of growth classification using our auction data and the TFM, we use a Least Squares Dummy Variable (LSDV) model to 19 The goal of this research is to use established models to analyze the quality of the returns that wines exhibit. This goal is different from developing a model to best explain wine returns, which we defer to future research. Our approach compares the financial returns of wines to those of equities, thus addressing the benefits of adding wine assets to an otherwise diversified portfolio. 20 Single factor βs are universally used by practitioners while multi factor βs are used less commonly.
include fixed effects representing the five growth classifications as well as the sixth classification of "no growth." This model is as follows:
where α 0 represents the intercept term for the "no growth" classification and α G1-G5 represents the incremental differences for the five classified growth intercepts relative to the "no growth"
intercept. Similarly, to test for differences in slope coefficients across growth classifications, 
Results
In the first test (LSDV vs. OLS), F statistics reject the null hypothesis that the LSDV model is not significantly different from the OLS model in five of the eight vintage years, with only one vintage year narrowly missing a marginal significance level of 0.90 (see Table 4 ). Table 5 presents the results of the second test of LSDV with interaction terms versus OLS. Here, F statistics reject the null hypothesis that the two models are not significantly different in each of the eight vintage years. and by vintage and producer) only 10% of the coefficients on the risk premiums are significant (see Figures 3 and 4) .
Conclusion
The research presented here provides new insights into the returns and risks associated with wine as an investment vehicle. This study reveals two notable characteristics of investment grade wine, both predicted by simple theoretical analysis. First, investment grade wine assets provide, on average, positive returns in excess of those forecasted by well accepted models that have been shown to explain much of the variation in average stock returns. This result is consistent with previous findings by Jaeger (1981) , but contrasts strongly with earlier findings by Krasker (1979) . Although our sample period is fairly short, it includes a period of exceptionally high equity returns which provide a stringent test of excess returns for alternative investments.
Second, investment grade wine assets benefit from low exposure to market risk factors and, as a result, provide a valuable source of diversification for investors seeking hedge investments. This property has not been previously studied in the case of wine.
Using a well-documented investment analysis tool, we show that wines on average provide large, positive excess returns. Specifically, using the Fama-French three-factor model,
we document average excess returns of more than 0.60 to 0.75% per month and 7.5 to 9.5% per year over returns predicted by factors shown to account for risk. Furthermore, our results suggest that wines have very little exposure to common market risk factors and have effectively zero betas. The simple conceptual framework that we used to predict these two properties appears not to have been developed elsewhere in the context of collectible investments. The same framework also predicts roughly zero real financial returns to artwork, consistent with many previous empirical studies. The theoretical analysis indicates that the contrasting empirical findings for art and wine represent rational patterns rather than market anomalies.
Future research could usefully expand on this systematic distinction in at least two ways.
First, the investor's decision regarding the optimal time at which to consume a particular bottle of wine is a dynamic programming problem under uncertainty, similar to the problem of optimal harvesting and related problems that have been extensively studied elsewhere. Applying dynamic analysis to the optimization of wine investment and consumption decisions may yield further testable empirical predictions. 23 Second, because consumption reduces the remaining stock of any particular vintage, the possibility of strategic consumption arises as a way of driving up the price of remaining units. Again, incorporating this feature could generate additional testable implications.
Previous research on wine investments has pointed out many negative aspects of such investments. Investing in wine can be risky and the range of returns is significantly large. These characteristics have not changed. However, this paper provides alternative research that supports the argument for investment in wine assets. Since a hedging strategy is one that offsets or protects against risk, and since wine assets do not fluctuate according to market risk factors, investors committed to researching those wine assets expected to deliver strong returns can construct a credible case for assembling a wine cellar. And, if by some chance one of your wine 23 assets declines substantially in economic value, you can always exercise the implicit option to consume, and drink your Bordeaux. 
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